Abstract. For the first time, vertical profiles of the 1064 nm particle extinction coefficient obtained from Raman lidar observations at 1058 nm (nitrogen rotational Raman backscatter) are presented. We applied the new technique in the framework of test measurements and performed several cirrus observations of particle backscatter and extinction coefficients, and corresponding extinction-to-backscatter ratios at the wavelengths of 355, 532m and 1064 nm.
lidar ratio profiles for all three wavelength (355, 532 , and 1064 nm) should be rather similar because of wavelength-independent backscattering and extinction when the used laser wavelengths are small compared to the size of ice crystals.
In the Sect. 2, we provide details to the multiwavelength lidar and the data analysis methods. Sect. 3 discusses the cirrus measurement. A few concluding remarks are given in Sect. 4.
2 Instrumentation
We implemented the new Raman channel in our containerized multi-wavelength polarization/Raman lidar BERTHA (Backscatter Extinction lidar-Ratio Temperature Humidity profiling Apparatus) (Althausen et al., 2000; Haarig et al., 2015) which has been used over the past 20 years in 12 major field campaigns in Europe, Asia, Africa and the Caribbean (Wandinger et al., 2002; Ansmann et al., 2002; Franke et al., 2003; Tesche et al., 2009 Tesche et al., , 2011 Haarig et al., 2015) . In 2012, BERTHA was re-10 designed to allow particle linear depolarization measurements at 355, 532, and 1064 nm, simultaneously. BERTHA permits 
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A sketch of the receiver unit is given in Fig. 1 . We replaced the third cross-polarized signal channel (for 1064 nm) by the 1058 nm rotational Raman channel. The design and realization of the 1058 nm interference filter used for 1064 nm backscatter and extinction profiling was motivated by the successful demonstration of high-quality aerosol measurements with an interference-filter-based 532 nm rotational Raman lidar by Veselovskii et al. (2015) . The same methodological approach, for the laser wavelength of 532.12 nm in Veselovskii et al. (2015) , is applied here for the wavelength of 1064.24 nm. The inter-25 ference filter is centered at about 1058 nm (Alluxa, Santa Rosa, CA, http://www.alluxa.com). The transmission band is from 1053-1062 nm with a transmission >90% in this wavelength range. For the laser wavelength of 1064.24 nm, the transmission is specified to be 0.005%. A broad band blocking by more than four orders magnitude from 350-1100 nm is realized.
When using a laser wavelength of 1064.24 nm, 88% of the total intensity of the rotational Raman backscatter spectrum (antiStokes lines) can pass the 1053-1062 nm filter. The detected Raman backscatter intensity is only weakly temperature-dependent 30 (4% increase of the measured rotational Raman signal for a temperature decrease from 300 K to 230 K). To guarantee no crosstalk contributions in the rotational Raman channel even in the case of extremely high elastic backscattering, e.g., caused by specular reflection by almost horizontally aligned cirrus crystals and vertical laser beam pointing, we used two Raman filters in front of the PMT.
The data analysis is performed following the EARLINET data analysis protocol (Pappalardo et al., 2004) . In the computation of Rayleigh backscattering and extinction contributions to the measured lidar signals, we used GDAS (Global Data Assimilation System) height profiles of temperature and pressure of the National Weather Service's National Centers for Environmental 5 Prediction (NCEP, NOAA's Air Resources Laboratory ARL, https://www.ready.noaa.gov/gdas1.php).
Results
First test measurements with the new Raman channel were performed on 3 October 2015. Fig. 2 presents an observation performed on 12 October with a well aligned lidar during a long-lasting cirrus event. The ice cloud layer showed a stable base height at 6.5 km. The top height was detected at 10.5 km, probably coinciding with the tropopause. The backscatter intensity 10 increased by two orders of magnitude at cloud base according to the 1064 nm elastic backscatter signal (right panel in Fig. 2 ).
As mentioned, to avoid strong specular reflection effects the laser beams were pointing to an off-zenith angle of 5 
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Keeping the shown uncertainty bars into consideration, similar profiles of the particle backscatter coefficients are obtained at all three wavelengths. All profiles are based on the analysis of the elastic-backscatter-to-Raman signal ratio profiles.
In the case of the extinction profiles, a good agreement between the 532 and 1064 nm extinction profiles (Raman lidar solutions) is visible. The 355 nm extinction coefficients are considerably smaller in the lower part of the cirrus layer. The quality of the HSRL solutions will not be discussed here in detail. Not all necessary corrections (e.g., proper consideration 25 of all cross-talk effects and near-range iodine-absorption saturation effects) are carefully applied in this example. However, in the lower part of the cirrus (7-8 km height range) with lowest level of signal noise and similar vertical window lengths in the regression analysis of the Raman signal profiles (2000-2500 m), the differences between the three extinction coefficients are comparably small. The cirrus extinction coefficients are 125 Mm 
